1 DESCRIPTION FLOW-THROUGH WASHING METHOD AND FLOW-THROUGH WASHING
APPARATUS TECHNICAL FIELD [0001] The present invention relates to a flow-through washing
method and a flow-through washing apparatus that are preferably used when, for example, substrates
10for magnetic recording media or magnetic recording media components used in an apparatus for
manufacturing a magnetic recording medium,a shield plate of a sputtering apparatus, and the like are
washed. Priority is claimed on Japanese Patent Application No. 2009-119003, filed May 15, 2009,
the content of which is incorporated herein by reference. 15 BACKGROUND ART [0002] A
disk-shaped aluminum substrate, a disk-shaped GESSSINgPate, or the like, which has a center hole,
has been used as a substrate for a magnetic recording medium 20used in, for example, a hard disk
drive. Since this substrate for a magnetic recording medium is produced through various surface
treatment processes such as a polishing process performed on the surface thereof, a process for
removing dust and tﬁE(ﬁ%%é)ﬁ@%g%%&g%%@sﬁﬁgr%&w&%%@aw BN&Urface
treatment processes and the like. 25[0003] Fgé?e%f{? as a high recording density of a
magnetic recording medium is required, high flatn Ofthe r%agnetic recording medium is demanded.
Meanwhile, an advanced washing technique has been required for removing not only dust and the like
adhering to the surface of a substrate for a magnetic recording medium, but also dust and 5the like
adhering to components used in an apparatusfermRndfactyring,a magnetic recording medium, a
shield plate of a sputtering apparatus, and the like. Furthermore, in recent years, there have been
cases where a wet washijnggyocess performed on the

The present invention relates to a flow-through washing method and a
flow-through washing apparatus that are preferably used when, for example, substrates
10 for magnetic recor&ing media or magnetic recording media components used in an
apparatus for manufacturing a magnetic recording medium, a shield plate of a sputtering
apparatus, and the like are washed.
Priority is claimed on Japanese Patent Application No. 2009-119003, filed May
15, 2009, the content of which is incorporated herein by reference.
15
BACKGROUND ART
[0002]
A disk-shaped aluminum substrate, a disk-shaped glass substrate, or the like,
which has a center hole, has been used as a substrate for a magnetic recording medium
20 used in, for example, a hard disk drive. Since this substrate for a magnetic recording
medium is produced through various surface treatment processes such as a polishing
process performed on the surface thereof, a process for removing dust and the like
adhering to the surface of the substrate is performed after the surface treatment processes
and the like.

25 . [0003]



surface of a substrate is provided in a process for forming a film on a substrate for a magnetic
recording medium. |1 0[0004] As a washing apparatus for a substrate for a magnetic recording medium
or the like, there has been proposed an apparatus that uses, for example, a magnetic disk substrate or
the like as a workpiece, performs surface treatment such as polishing on the surface of the workpiece,
uses a plurality of washing tanks, and washes the workspiece 15using a liquid in each of the washing
tanks whilst sequentially conveying the workpieee to a plurality of washing tanks by a conveyor in
order to remove foreign materials and the like adhering to the surface of the workpiece (for example,
see Patent Document 1) F[g005hbtoweverigh tendiaghiagiappbratagdisclosedime PadntrDocument 1,
a plurality 20 of rotating brushes, showers, and the like are provided at the washing tanks. and scrub
cleaning is perfor¢Aeidedsinghdlpsrasinef Brashonsistopashirgiediiansssigppiidddo Sernslibsteate. Since
the rotating brush comes into contact with the surface of a substrate, there is a concern that scratches
are formed on tHESHIfEE& BTHRG (eBRirdfchqobess) reauiredHsr trREASEAT A adi<hhaidthod that
does not use a ro&ﬁqting Iotrut h, th?re h%s %%en r%)osed, for,exam%%. a methoi) of a%{uir{% aﬂsubstrate
by immersing a RORTEF SRR P IASSAb TSt o R SR ST G R R A a SRR L iRt

supplying wgshir&geljﬂ{%ig fhrr:)m the bottom o[ a w%shir}lg tank %rgdforpakinuqatge washir;lg quluid overflow
from the upper portion ofit

fen agﬁﬁwrapt%rhn. Té‘(% ]]n 4 apII-:)IE(lJI\?vever, inthe wggﬁﬁé%ﬁfheoﬁ that makes
washing liquid flowipyaiddiom thedrmen Retiongftbawashingiankcaniaminanigngluging dust
and the like, which are removed from the surface of a substrate, are not discharged from the upper
portion of 10the washingytank Rgetheiwikh thevashkieg U&&'Wa@ﬂﬁ%ﬁ@é&s@fﬂ&%ﬁ%&%ﬂ ip@nts remain

in the washing tank. For this reason, stagnation of the washing liquid occurs in the washing tank. In
this ease, when thefheldes istifted:froprotiaedashing darkocataminanls wraaiingis thexwashing
liquid stick to the surface of the substrate again. [0008] 15Meanwhile, there has been proposed a
flow-through wasimpgetpparatiisghatdivashes a substrate by immersing a holder, which holds the
substrate, in the washing liquid in the washing tank, whilst making the washing liquid in the washing
tank flow intthe lateral dit€eti6h in a laminar flow state (for example, see Patent Document 2 and the
like). 20[0009] in this washing method that makes the washing liquid flows in the lateral direction
in a laminar flow state, it { goedibectargaisiy istheh O riasrEgikirrebneiidyeoitiminants to

the outside of the immersion tank. Accordingly, it is o
ike, there has been proposed an apparatus that uses, for example, a magnetic disk

substrate or the like as a workpiece, performs surface treatment such as polishing on the
surface of the workpiece, uses a plurality of washing tanks, and washes the workpiece
15  using a liquid in each of the washing tanks whilst sequentially conveying the workpiece
to a plurality of washing tanks by a conveyor in order to remove foreign materials and
the like adhering to the surface of the workpiece (for example, see Patent Document 1).
[0005]
However, in the washing apparatus disclosed in Patent Document 1, a plurality
20 of'rotating brushes, showers, and the like are provided at the washing tanks. and scrub
cleaning is performed using a rotating brush whilst washing liquid is supplied to each
substrate. Since the rotating brush comes into contact with the surface of a substrate,
there is a concern that scratches are formed on the surface of the substrate.

[0006]



possible to prevent contaminants from adhering to the surface of the substrate again. 4 [0010] [Patent
Document 1] JP-A-2001-96245 [Patent Document 2] JP-A-9-206708 5DISCLOSURE OF INVENTION
[0011] Meanwhile, in the above-mentioned flow-through washing apparatus disclosed in Patent
Document 2, a. porous rectification plate is provided in a flow passage to prevent contaminants, which
are separated from an object to be washed and ride on,the 10turbulent flow of washing liquid, from
adhering to the object to be washed again. When the flow of the washing liquid passes through the
rectification plate, the flow of the washing liquid is regulated so as to become a uniform ow (laminar
flow) without disturbancéetto this flamoof the wabkhip g titueidtHE0b2} 16Howewentinpthissfiotetarough
washing apparatus, the washing liquid flowing in the washing tank forms a laminar flow when an object
to he washed is bsttipsmenaegdd. the washing mshollebnashiles avibdstaie dhjoume becwdshdé is
immersed in the washin? tank, the washing liquid flowing in the washing tank is disturbed by the object
to be washed an8ifsiieldstthh et Hevin %%%%ﬁh@%@%&ﬁ&ﬁd@aﬁ&%@@b}@@ﬂ%b@wa%ed

20deteriorated due to the tu% lent flow. [0013] Furthermore, there is a case where ultrasonic
vibration is appli¥dtE R 1306‘? £hg ROLSHING 2avTiP 8 faRF B3mpiive e Rene i rformance of

the flow-throyghov\\{/g%i@ apparatus. However tﬁl]e laminar fI?(w in the washing tank may be disturbed

by 25this ulttasonic vibration. fﬁﬂ’fﬁfo IOHIQSF Termore; e flow-through washing apparatus

disclosed in Patent Docu[mq/t] 2 has a structure that stores used washing liquid in a reservoir tank and
circulates and

However, in the washing method that makes washing liquid flow upward from
the lower portion of the washing tank, contaminants including dust and the like, which
are removed from the surface of a substrate, are not discharged from the upper portion of

10 the washing tank together with the washing liquid and a part of the contaminants remain
in the washing tank. For this reason, stagnation of the washing liquid occurs in the
washing tank. In this case, when the holder is lifted from the washing tank,
contaminants remaining in the washing liquid stick to the surface of the substrate again.

[0008]

15 Meanwhile, there has been proposed a flow-through washing apparatus that
washes a substrate by immersing a holder, which holds the substrate, in the washing
liquid in the washing tank, whilst making the washing liquid in the washing tank flow in
the lateral direction in a laminar flow state (for example, see Patent Document 2 and the
like).

20 [0009]

In this washing method that makes the washing liquid flows in the lateral
direction in a laminar flow state, it is possible to quickly discharge the washing liquid
containing contaminants to the outside of the immersion tank. Accordingly, it is

possible to prevent contaminants from adhering to the surface of the substrate again.

25



uses the stored washing liquid. However, in the ease of this structure, the washing 5liquid easily
comes into contact with atmosphere. For this reason, there is a case where bubbles are mixed to the
washing liquid and adsorbed to the surface of the object to be washed, so that washing performance
deteriorates. [0015] Accordingly, the invention has been proposed in consideration of the
10above-mentioned circumstances, and an object of the invention is to provide a flow-through washing
method and a flow-through washing apparatus that efficiently remove dust and the like adhering to the
surface of an object to be washed and prevent the dust and the like from adhering to the surface of the
object to be washed agalA®féér washing. 15[0016] The inventor has investigated ways to solve the
above-mentioned problem That is, when the washing liquid is made to flow in the lateral direction in a

laminar flow state in a waSHifR Rikas dbjettsta ¥ wadted are washed whilst ultrasonic vibration is

applied to the washing Iiiuid in a state where the obéects to be washed are immersed in 20the washing

liquid, turbulent flows are GEHErRRYBe ultfadotic ditttion applied to the washing liquid or the

objects immersed in the washing tank and contaminants, such as dust or foreign materials, separated
from the surfaces of the object to be washed remain, particularly at the upper flows in the washing

tank, due to the turbulent flows. The rem@'[gpﬁ Q E’@@Wﬁ?ﬁl@l\the surface of the objects to be
washed again, so that 25washing performance@orﬂlttﬁe objects to be washed deteriorates. 6 [0017]

It was considered prefer?@@lt at the washing liquid in the washing tank be made to stably flow in a
laminar flow state by regulating the flow rate of the washing liquid flowing through any feed ports

and/or discharge ports ofvgsapivratity-ofhtead Romsmibteu abwiich thewashing Jidwid i supplied to the
washing tank and a plurality of discharge ports through which the washing liquid is discharged from the

washing tank; tha: CantadDbetweer? thpwashiag fiquidapidttie ginasphetefloe papppessed and the
mixing of bubbles to the washing liquid is suppressed by employing this washing method; turbulent
flows are generateydny thetdisptace mbwh af¢hepstatactal watdjcgactisuteniyicdhyntioide @ptkcation of
ultrasonic vibration to the washing tank but the turbulent flows can be
10 turbulent flow of washing liquid, from adhering to the object to be washed again. When
the flow of the washing liquid passes through the rectification plate, the flow of the
washing liquid is regulated so as to become a uniform flow (laminar flow) without
disturbance to the flow of the washing liquid.
[0012]
15 However, in this flow-through washing apparatus, the washing liquid flowing in
the washing tank forms a laminar flow when an object to be washed is not immersed in
the washing tank. Meanwhile, when an object to be washed is immersed in the washing
tank, the washing liquid flowing in the washing tank is disturbed by the object to be
washed and forms a turbulent flow. Washing performance for the object to be washed
20 deteriorated due to the turbulent flow.
[0013]
Furthermore, there is a case where ultrasonic vibration is applied to the inside
of the washing tank in order to improve the washing performance of the flow-through

washing apparatus. However, the laminar flow in the washing tank may be disturbed by

25 this ultrasonic vibration.



changed to uniform flows (laminar flows) without disturbance; and a space be formed between the
inner surface of the washing tank and the object to be washed in the washing tank in the past to
stabilize a laminar flow. However, the inventor has found that it is preferable that objects to be washed
be closely disposed in the washing tank since 15turbulent flows are easily generated due to a
difference in the resistance of flowing washing liquid thgt depends on the presence or absence of the
objects to be washed in the washing tank, and has completed the invention. [0018] That is, the
invention provides the following device. (1) A flow-through washing method including steps of
makes washing liquid flolW¥4he lateral direction in a washing tank, and washes objects to he washed
whilst applying ultrasonic vibration to the washing liquid in a state where the objects to be washed are
immersed in the washingFiliRIPHe Wadkirgiquih inatheng appririiuradikoliowd imReterrautiont state by
regulating the flow rate of the washing liquid flowing 25through any feed port and/or discharge ports of
a plurality of feed B&HE YRFSUEH AR oT Yrksl vashing IRfidd S sespiRiE B e dvishiis tant and a
plurality of discharge Eont:st rour%h thlich he washin .qu@id is discgar ed from the washing tank.

FStigh WAL SIS (1) HOrasBnit VibFaifol 1S SEHEW s thiasBBfom of the

(2) In the flow-throug Washln\é/a

washing tank. . (%’Sglnlthe flow-through \{vastlﬂingnmeghodo %11 or (2), when substrates, which are
held on a holder a5 t eacsulbi/eccotrsnet:(S:)1 e was Ceo‘f” are wé)g%eeé?'thé %t}l %5‘?%58%;{?%%8&3 in the ??fnhreﬁeersion

tank so that main, giifaces ﬁﬁ;&@&é%@é&&@éﬁ&gmﬁ@%@h&%o%%of'%whgigﬁﬁﬂego%@% arfing liquid.

(4) in the flow-through washing method of (3), a plurality of substrates, which 10are ‘held in line on the

holder so as to bgRA¢alle) tR.eReih A RIS WRsShRERRALNE interval between the plurality of
substrates held on the holder is reduced to a range where resistance of the washing liquid flowing

between the substrates ig0micreased. (5) In the flow-through washing method of (3) or (4), the
shortest distance between the substrate and an inner surface of the washing tank is set to one time or
less 150f a diameter of thecsublstghtghe inve{6yirhthédtovpstipoud inwastithgametldthof any one of (1) to
(5), substrates for magnetic recording media or magnetic recording media are washed as the
substrates.10  appypmpetifloed-oinougieneeshing methiod of dryrometioh(k)ecteyidhe washing liquid is
cyclically reused. 20(8) A flow-through washing apparatus includes a washing tank where objects to be
washed are wasHed RBHEaHsbinfeBahRA 0t trsreeh washing paratts Sy shddenithe washing
tank, a plurality of discharge ports through which the Washinfg liquid is discharged from the washing
tank, and vibraticHy&s iﬁ%&%@i&?%ﬁ‘iﬁﬁ&?ﬂ&“&%@&ﬁi& HBARASH, 1 RA& HAEHHG REEPN the

washing tank. The fIod IiPHOREHERNLARPAAY S ek the pashioq dquid o i e Jateral
direction in the washing
washing.
15 [0016]
The inventor has investigated ways to solve the above-mentioned problem.
That is, when the washing liquid is made to flow in the lateral direction in a laminar flow
state in a washing tank and objects to be washed are washed whilst ultrasonic vibration is
applied to the washing liquid in a state where the objects to be washed are immersed in
20  the washing liquid, turbulent flows are generated by the ultrasonic vibration applied to
the washing liquid or the objects immersed in the washing tank and contaminants, such
as dust or foreign materials, separated from the surfaces of the object to be washed
remain, particularly at the upper flows in the washing tank, due to the turbulent flows.

The remaining contaminants stick to the surface of the objects to be washed again, so that

25  washing performance for the objects to be washed deteriorates.



8 tank, and washes objects to be washed whilst applying ultrasonic vibration to the washing liquid in a
state where the objects to be washed are immersed in the washing liquid. The flow-through washing
apparatus includes flow rate regulating device for regulating the flow rate of the washing liquid flowing
through any feed ports and/or the 5discharge ports. (9) in the flow-through washing apparatus of
(8), the vibration generating device is disposed on the bottom of the washing tank. (10) The
flow-through washing apparatus of (8) or (9) further includes a device that circulates the washing
liquid. 10[0019] As described above, according to the invention, it is possible to provide a
flow-through washing mefhot’and a flow-through washing apparatus with high washing performance
that efficiently remove contaminants, such as dust or foreign materials, adhering to the surface of an
object to be washed and preventithidseedpthitaritlérint tSadhbrinditouthe shefacshofetmlobject to be
washed again after washing. BRIEF DESCRIPTION OF THE DRAWINGS 100201 FIG.1lisa
plan view showingafetesHigufeion ef aunmtiion giaiehs rasl sowsbadans s whith wehingention is

applied. FIG, 2 is a cross-sectional view showing the configuration_ of the flow-through washing

apparatus to whi@AYHeRYERHbF RER ApYiderd Portspae/oy %S&héfégg%ﬁdfﬁﬁwﬁ_llw M&sABARE urbulent
o e o D SN Ik S, 2 A A Ly o Dt
discharge ports through which the washing liquid is discharged from the washing tank;
the contact between the washing liquid and the atmosphere be suppressed and the mixing
of bubbles to the washing liquid is suppressed by employing this washing method;
turbulent flows are generated by the displacement of the surface of water, particularly, by

10 the application of ultrasonic vibration to the washing tank but the turbulent flows can be
changed to uniform flows (laminar flows) without disturbance; and a space be formed
between the inner surface of the washing tank and the object to be washed in the washing
tank in the past to stabilize a laminar flow. However, the inventor has found that it is
preferable that objects to be washed be closely disposed in the washing tank since

15 turbulent flows are easily generated due to a difference in the resistance of flowing
washing liquid that depends on the presence or absence of the objects to be washed in the
washing tank, and has completed the invention.

[0018]
That is, the invention provides the following device.

20 (1) A flow-through washing method including steps of makes washing liquid
flow in the lateral direction in a washing tank, and washes objects to be washed whilst
applying ultrasonic vibration to the washing liquid in a state where the objects to be
washed are immersed in the washing liquid. The washing liquid in the washing tank
flows in a laminar flow state by regulating the flow rate of the washing liquid flowing

25 ' through any feed port and/or discharge ports of a plurality of feed ports through which



A flow-through washing method and a flow-through washing apparatus to which the invention is
applied will be described in detail below with reference to the drawings. Meanwhile, since drawings,
which are used in the following description, may schematically show characteristic portions for
convenience to ease the 10understanding of the characteristics, the dimension ratio of each portion
may not equal the actual dimension ratio thereof. [002 A case where a substrate W (an object
to be washed) for a magnetic recording medium to be mounted on a hard disk drive is washed by, for
example, a flow-through 15washing apparatus 1 shown in Fills. 1 and 2 to which the invention is
applied will be ddscribedrip liis®imbadieent e wayhof gxaknple a[pR23ity of dividanwhibeispure water is
basically used as washing liquid L that is used to wash the substrate W. However, a treated water or
the like, which h&¥ Gedridigjdbeodadine diseitivalitdatesdriton the ike)ingaybe used other than pure
water. Specifically, examples of the washing liquid L may include an organic solvent such as isopropy!
alcohol, a liquid chemical<dfetfeAprchioay Hashingensthodhabtie. whtermambasiwaterralicdcidic
solution or an alkaline sqlution diluted with pure water to a low concentration, ozone water or hydrogen
water, and the liIKEBtRE PRSI st B litrapure water. 10 Furthermore, these examples of

washing liquid L may be ropriately selected and used accaordin a substrate W to be washed (an
object to be %Nashed). [0 4?“ the %O“%\%%%%Ch %V?%}lﬁ%@?%oé%%?é?gtﬂgeggb\xy}ﬁ%ﬁ HSEHing Rpparatus

to which the Sinyenieg ds 2RBIIRY NAUdBRANERIIG ANk SNDRIE R &%g%f Sepnasparates W

is immersed in the washing liquid L and the substrates W are washed p urarﬁty of

disk-shaped subsfates W @ackahwhich ingdes,acenteihals areheld on.the holdarnaQ;se as to be

parallel to each other. Furthermore, portions of the 10outer peripheral portion of each of the substrates
W, which correspaneatmipgthqsides of a center line passing through the center hole of the substrate,
are supported by a pair of support plates 51a and 51b provided at the holder 50. Meanwhile, a

V-shaped groove portion(¢ndit ghoflery-tidughichithe eldgabpefihesalipartion Ofwaehaf thasubstrates
W is engaged is formed at each of the pair of support plates 51a and 5 Ib. 15[0026]
10 are held in line on the holder so as to be parallel to each other, are washed, and the
interval between the plurality of substrates held on the holder is reduced to a range where
| resistance of the washing liquid flowing between the substrates is increased.
(5) In the flow-through washing method of (3) or (4), the shortest distance
between the substrate and an inner surface of the washing tank is set to one time or less

15 of a diameter of the substrate.

(6) In the flow-through washing method of any one of (1) to (5), substrates for
magnetic recording media or magnetic recording media are washed as the substrates.

(7) In the flow-through washing method of any one of (1) to (6), the washing
liquid is cyclically reused.

20 (8) A flow-through washing apparatus includes a washing tank where objects to
be washed are washed, a plurality of feed ports through which washing liquid is supplied
to the washing tank, a plurality of discharge ports through which the washing liquid is
discharged from the washing tank, and vibration generating device for applying

ultrasonic vibration to the washing liquid in the washing tank. The flow-through

25  washing apparatus makes the washing liquid flow in the lateral direction in the washing



Each of the substrates W is supported by the pair of support plates 51a and 51b, so that the
substrates are held on the holder 50 in a vertical state (a state where the main surfaces of the
substrates W are parallel to the vertical direction). Furthermore, the holder 50 is disposed on the
bottom surface of the washing tank 2 so that the main 10surface of each of the substrates V] is parallel
to the flow direction of the washing liquid L Meanwhile,gin this embodiment, about 50 substrates W
each of which has a diameter of 3.5 inches are held on the holder 50 in one line at an interval of about
5 mm so as to be parallel to each other. [0027] i The washing tank 2 includes a rectangular
bottom wall 2a; feuk.dedvaishebotdest2th bodRbahahise amtied flomothe Peripgherty fdhe bottom wall
2a; and an opening portion 2f that is formed at the upper s-urface facing the bottom wall 2a. The
washing tank 2 i¥3gtneHan 4 8 st aRcibetat gefioparanehegipedamarsed antheoriasbiag
5substantially rectangular parallelepiped immersion space S in which the holder 50 is immersed.
[0028] Moreover @ turdiity Bevedupsheashirgdy FPHELH I idata egeleippied Sréformed at
the upstream side wall 2b of the washing tank 2. The ality of 10feed ports.3 are disposed in line at
predetermined iﬁ%}l\%flsl g v%%’d‘fﬁa ?r%&%nwgﬁ%%. {F]laéﬁ%ﬁ{(a‘ivr%l IS BFRL sfa‘édﬁ%ﬁ%% ermore,
since a flowgrate driggalélrag%% ﬁysa}lve (flow rate regulating device) 4 is connected to each of the feed ports
3, itis possible to in ividiia y regulate the flow rate of the washing liquid L supplied from the respective

feed ports 3 by regulating)the @RENRASOIAGoNY AL .gﬁg{é}@gp@th\ée\gbz}at}oﬁ[%gggag%thermore, a

plurality of discharges ports 5 through which washing liquid L is discharged are fotuied at the

downstream sidgdvall 2dipbtheivashing ke Riiralibhef discharge ports 5 are disposed in line
at predetennined intervals in a width direction and a height direction of the side wall 2d. Moreover,

since a flow rate 20regulatiphedlve(fien grtetoigatipg deyieRbds (epnrecicd daaachdetide
discharge ports 5, it is possible to individually regulate the flow rate of the washing liquid L discharged
from the respectivg disclwegehportstingyineglilating the openings of the flow rate regulating valves 6.

[0030]
10 [0019]

As described above, according to the invention, it is possible to provide a
flow-through washing method and a flow-through washing apparatus with high washing
performance that efficiently remove contaminants, such as dust or foreign materials,
adhering to the surface of an object to be washed and prevent these poliutant from

15 adhering to the surface of the object to be washed again after washing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIG 1 is a plan view showing the configuration of a flow-through washing
20 apparatus to which the invention is applied.
FIG 2 is a cross-sectional view showing the configuration of the flow-through
washing apparatus to which the invention is applied.
FIG. 3 is a cross-sectional view illustrating turbulent flows that are generated in

a washing tank.



12 Meanwhile, in this embodiment, the feed ports 3 and the discharge ports 5 each of which the
total number is 42 are formed at the side walls 2b and 2d at the positions, which face each other, in
seven lines at an interval of 5 cm in the width direction and in six lines at an interval of 5 an in the
height direction, respectively. However, the 5disposition, the number, the interval, and the like of the
feed ports 3 and the discharge ports 5 may be approprig?\tely changed in embodiments, [0031]
Furthermore, an ultrasonic oscillator (ultrasonic wave generating device) 7, which applies ultrasonic
vibration to the washing liquid L in the immersion space S2, is 10provided on the bottom wall 2a of the
washing tank 2 in order tblitnprisouelwasiing hetfotimanceufonitieveuthatrategdd chiredulirasanidngscillator
7 applies the ultrasonic vibration, which eonesponds to, for example, an output of about 500 W and a
frequency of abd&®i200 kHz, to the washing liquid L of the washing tank 2 from the bottom wall 2a of
the washing tank 2. 15[0032] Furthermore, the flow-through washing apparatus 1 is provided with a
pump 8 that sucks the washing liquid L discharged from the discharge ports 5 and feeds the washing
liquid L to the feed ports 3 again with pressure, and a filter 9 that purifies the washing liquid L fed with
pressure by the pump 8, as a device u%??%é%@lf&l\&?ﬁ.@é‘ﬁ?%}&%@?ﬁe washing liquid L flowing in
the washingstank 2.[003 021 A flow-through washing method to which the invention is applied
washes the plurality of s s%raltes W, which are held on the holder 50, by the flow-through washing

apparatus 1 having the aays:mentianed.anfiguialon SRGIISAINIA SR8 g thiough washing

method using the flow-through washing apparatus 1, wasltg 13 liquid L is m ow In a laminar

flow state in the |gtesiabidirgction.fherizantaldirastignLiblaemmarsionspasesiefihe washing tank 2,
and the holder 50 holding the plurality of substrates W is immersed in the washing liquid L in the

immersion spacei@witiilst Wiasamicey datiamisiapphaddodiea washing fividike al83Hon, At this
time, the main surfaces of the respective substrates W held on the holder 50 are parallel to the flow
direction of the washinigetiguiich lLyishthe shashiagstanpo2iand farashingliguicd clexadbetween these
respective substrates Win a laminar flow state. Accordingly, the surfaces of the respective substrates
W are washed byndrssigadiningl the characteristics, the dimension ratio of each portion may not equal
the actual dimension ratio thereof.
[0022]
A case where a substrate W (an object to be washed) for a magnetic recording
medium to be mounted on a hard disk drive is washed by, for example, a flow-through
15 washing apparatus 1 shown in Figs. 1 and 2 to which the invention is applied will be
described in this embodiment by way of example.
[0023]
Meanwhile, pure water is basically used as washing liquid L that is used to
wash the substrate W. However, a treated water or the like, which has been subjected to
20 chemical treatment or the like, may be used other than pure water.  Specifically,
examples of the washing liquid L may include an organic solvent such as isopropyl
alcohol, a liquid chemical detergent including a surfactant, anode water, cathode water,

an acidic solution or an alkaline solution diluted with pure water to a low concentration,

ozone water or hydrogen water, and the like, other than pure water and ultrapure water.



10liquid L. so that contaminants, such as dust and foreign materials, adhering to the surfaces of the
respective substrates W are removed. [0035] Meanwhile, the following was found by the
inventor's analysis. That s, when ultrasonic vibration is applied to the washing liquid L finm the bottom
of the washing 15tank 2, the surface of the washing liquid L in the washing tank 2 is raised, so that the
washing liquid L flowing in the washing tank 2 forms tu §ulent flows and the washing performance for
the substrate W deteriorates. [0036] Specifically, according to the inventor's analysis, washing liquid L
is made to 20flow in a laminar flow state in the washing tank 2 whilst ultrasonic vibration is not applied.
Then, when ultrdaottiertibratinesisappiied ofhefbing bduhid washrghiguidibtehisel thedsurfacedf the
washing liquid L in the washing tank 2 as shown in the directions of arrows shown in FIG. 3 by the
application of ulteasodioyibrasidntfedniiiie hotteshedf(thebvessineptanth2dand the raised washing liquid
L is dispersed in all directions. 25However, since laminar flows are applied to the flows of the washing
liquid L, 14 complicated f944 (turbulent flows) are generated in the washing tank 2. Moreover, when
the substrates W are immersed in the Washinaj%ank 2, the washing liquid L flowig\lz in the washing tank

2 is disturbed by the sub&aReS BRI forOfLrb e Ao ol v SHhin sra s A HNG I8 Fformance

for the substrate W deteri.oratels ue 1to the 5tur}|§)uletnt£I3w : %%3}17(}1 der. 50 g%glr\l/vhsllll ’t?AG.%/iISS a. view
showing the flow& BTG WAERING THUHT th s ehgs Where it a&0me inration e Shpiteifto the inside of

the washing tank 2 Whe(p.t %Wasgin tank,2 is egn fr}g) Ehgvkgta%%%gg On the other hand, FIG. 4 is
n \ d.
a view where 10't eeurgs)%elrr'lf OWS 0 1t?]ge was m%nﬁqu? IS #;oabveing in the washing tank 2 are shown by a

broken line, the intermedigge flows of the washing liquid are shown by a dashed-dotted line, and the
lower flows of the washing liquid are shown by a two-dot chain line, when the washing tank 2 is seen

from the upper side. [0038]&pAntherimVRRHOFBsBHAME W BN S 1 vid Aciibish thaabiiementioned
flow rate regulating valves 4 and 6 are controlled, the flow rate of the washing liquid L flowing through

one of the feed pritsc ardickthe Wischarge: parisid ts ceglbdied andrthefow, pbthenwasttiag liquid L in
the washing tank 2 is regulated so that the flow of the washing liquid L becomes a uniform flow
(laminar flol) withoertdisthdoa meetitonthiecidwof the substrates W, which correspond to both sides of a

center line passing through the center hole of the substrate, are supported by a pair of

support plates 51a and 51b provided at the holder 50. Meanwhile, a V-shaped groove

portion (not shown) with which the outer peripheral portion of each of fhe substrates W is

engaged is formed at each of the pair of support plates 51a and 51b.

15 [0026]

Each of the substrates W is supported by the pair of support plates 51a and 51b,
so that the substrates are held on the holder 50 in a vertical state (a state where the main
surfaces of the substrates W are parallel to the vertical direction). Furthermore, the
holder 50 is disposed on the bottom surface of the washing tank 2 so that the main

20  surface of each of the substrates W is parallel to the flow direction of the washing liquid
L. Meanwhile, in this embodiment, about 50 substrates W each of which has a diameter
of 3.5 inches are held on the holder 50 in one line at an interval of about 5 mm so as to be

parallel to each other.

[0027]



200f the washing liquid L. [0039] Accordingly, it is possible to make the washing liquid L in the
washing tank 2 flow in a laminar flow state from a turbulent flow state, In particular, since the flow rate
of the washing liquid L discharged from the discharge ports 5 in addition to the flow 25rate of the
washing liquid L supplied from the feed ports 3 are controlled by the flow ate 15 regulating valves 4
and 6 in the invention it is possible to form laminar flo S in the washing tank 2 with more controllability
Therefore, it is possible to prevent laminar flows from being disturbed by ultrasonic vibration or the
disposition of an object W to be washed. [0040] Furthermore, in the invention, it is preferable that
the washing liquid L flowifigeimdtienyastingteinke? becyalicaihboaused asin the olw-thigugh washing
apparatus 1. Accordingly, it is easy to make the flow rate of the washing liquid L to be supplied to the
washing tank 2 Baldicewitly thet flovenatedof-thetheashiplgetigofdhe totherdisdh2eged! fronpdOtize washing
tank 2, so that it is possible to make the washing liquid L, which flows in the washing tank 2, more
stably flow in a |2/ HoWakiatermod2 the upprear RS leciretie bagennb2owlheotrghingashing
apparatus 1, the amount of the washing liquid L is slightly reduced due to evaporation or the like of the
washing 15liquiddfroni PSP ah MY PEFIBA DR et tRENE BATAYCISPRS shapaned&a@aie it is preferable
that washing liquid L corresponding, to the duc%i amount be appropriately replenished. Moreover, in
the ﬂow-thré’l)ughS\‘/%tf’;isst hg appard sai,pﬁrﬁg%ﬁ%ly PRIISHRE R ShERIRY PO BEthe washing
tank 2 in order tqgg)];lee\{g ‘bubbles from being mixed to the washing liquid L due to the contact between
the washing liquid L and air. [0042] Furthermore, in the invention, it is preferable that the interval
between the plurality of g@sgpates W held on the holder 50 be reduced to the range where the
resistance of the washing liquid L flowing between the substrates is increased when the plurality of
substrates W, which are helednding mivihg abaa-paantianed AolASED ) s0ias Rairi e parallel to each
other, are washed. 16 [0043] For example, when pure water is used as the washing liquid L and
substrates for diskpshiapett toageeticthecoriagnpiddiacemhdiaving.ehdigmeter. of hb inghes and a
thickness of 1.27 mm are washed as the substrates W, the resistance of flowing washing

10 feed ports 3 are disposed in line at predetermined intervals in a width direction and a

height direction of the side wall 2b.  Furthermore, since a flow rate regulating valve
(flow rate regulating device) 4 is connected to each of the feed ports 3, it is possible to
individually regulate the flow rate of the washing liquid L supplied from the respective
feed ports 3 by regulating the openings of the flow rate regulating valves 4.

15 [0029]

Furthermore, a plurality of discharges ports 5 through which washing liquid L is
discharged are formed at the downstream side wall 2d of the washing tank 2. The
plurality of discharge ports 5 are diéposed in line at predetermined intervals in a width
direction and a height direction of the side wall 2d. Moreover, since a flow rate

20 regulating valve (flow rate regulating device) 6 is connected to each of the discharge
ports 5, it is possible to individually regulate the flow rate of the washing liquid L
discharged from the respective discharge ports 5 by regulating the openings of the flow
rate regulating valves 6.

[0030]



5liquid begins to significantly increase in the vicinity of the interval range where the interval between
the surfaces of the substrates is equal to or smaller than 10 mm. [0044] Meanwhile, in the flow-
uough washing method in the related art, it was general that objects to be washed, which are to be
disposed in the washing tank 2, are 10sparsely disposed at intervals and spaces are formed around
the objects disposed in the washing tank for the purposg of the stabilization of the laminar flows of the
washing liquid flowing in the washing tank 2. The reason for this is to stabilize the laminar flows of the
washing liquid L flowing in the washing tank by reducing the distribution of resistance of flowing
washing liquid that depehisowittie présenmd @tiabse feefafdhertSobjé cis tisbiemmasphed $rnethie washing
tank. [0045] In contrast, in the flow-through washing method of the invention, the substrates W
(objects to be washdudlaitee ¢ivslelydisp dstary thenedshihg sankvalisabthad veardsirasitiersf the
washing liquid L flowing in the washing tank 2 is increased and the state 200f the washing liquid is
made uniform. AvEETHTRghEARILBEEdIbIE R dtaasins anHETHIARP ABWE BE NE RSP IGIRIL flowing in
he washing tank 2 and to increase the washing performance of the washing tank 2. [0046

rforms . ]
Furthermore, in HRGERTEHh IR Prdardb 2 tRab fieh RS RN aTSIRATL B w st o5t Substrate W

and the inner surface of the,washing tank 2 be set to,one tim Of‘\r,ﬁlfe of 17 the di ter of the
S batrate W e b e B B R e S RS remoring

media are to be %I)?s%?s%n tﬁggﬁ‘@%%%%%g ,hilt é%ﬁ’&%%ﬁ%lﬁs?o accurately and efficiently wash the

substrates W by trates Winthe washing tank 2 so that the main surfaces of the
substrates W are parallet@gjhje 5flow direction of the washing liquid L. setting the shortest distance
between each of the substrates W and the inner surface of the washing tank 2 to one time or less of

the diameter of the substrate, Wm0 4A Rk Wakiltie PEssRIR lowRaEpmeatianerdsppstrate
washing that efficiently 10removes dust and the like adhering to the surface of the substrate and
prevents the duskhich applies ultrasonic vibration to the washing liquid L in the immersion space S2, is
10 provided on the bottom wall 2a of the washing tank 2 in order to improve washing
performance for the substrate W.  The ultrasonic oscillator 7 applies the ultrasonic
vibration, which corresponds to, for example, an output of about 500 W and a frequency
of about 200 kHz, to the washing liquid L of the washing tank 2 from the bottom wall 2a
of the washing tank 2.
15 [0032]

Furthermore, the flow-through washing apparatus 1 is provided with a pump 8
that sucks the washing liquid L discharged from the discharge ports 5 and feeds the
washing liquid L to the feed ports 3 again with pressure, and a filter 9 that purifies the
washing liquid L fed with pressure by the pump 8§, as a device that is used to cyclically

20 reuse the washing liquid L flowing in the washing tank 2.

[0033]

A flow-through washing method to which the invention is applied washes the
plurality of substrates W, which are held on the holder 50, by the flow-through washing

apparatus 1 having the above-mentioned configuration. Specifically, in the

25  flow-through washing method using the flow-through washing apparatus 1, washing



and the like from adhering to the surface of the substrate again after washing. [0048] Although
the invention is not necessarily limited to the above-mentioned embodiment, various modifications may
be made without departing from the scope of the 15invention. [0049] For example, the holder 50
has been adapted to support the outer peripheral portion of each substrate W at two points by the pair
of support plates 51a and 51b, but is not limited theretq, The positions and the number of points where
each substrate W is 20 supported may be appropriately changed in the embodiments. For example,
the outer peripheral portion of each substrate W may be supported at three or four points. [0050]
Further, membersquidiEh ssuppots thesoutetperphiral padionieflereh substoatenWiargalso not limited
to the above-mentioned support plates 51a and 51b. As long as 25 the members for supporting each
substrate do not distdirinihe flewnsi ¢heowasking difjhic Lashowitglir? thedvashindpteikha]ding Sleape and
the like of the member may be appropriately changed in embodiments. [0051] Furthermore, the
invention may beBppiied teubdreteshing oreerragndtie Barbiour dimghhdditheirforessiampiesoh which a
magnetic film or the like has been formed or a lubricant is not yet applied, other than a process for
removing dust, foFBih RS iAtOhE ﬁR@ﬁéﬁ%FﬂW@H@!ﬂﬁ@& of the above-mentioned
substrate W gor a magn L 5 ording medium after a. surface treatment process and the like. [0052]
10In addition, the inventi AR y be preferably used when a flat obJect to be washed is washed as well

as when the above- mentfgp ubs ate W for tlc recordin I'(avl% dasheh ever as
me e mail sur ces ﬁe res ect1v bstr < ht
long as an object to be was ed carn be was y the roug was |ng appara usg (ﬁe object to

be washed is nors@awéu@mtemﬁsqlomﬁéamgeﬁmmn g HPTEIRRNER s, ot ofjhe invention

will be made clear by Examples. Meanwhile, the invention IS not limited to the following Examples and
may be modifiedvaambadientiwiiiest depariingsembe.sceneol theinyeaticn. s daRs4] [Example

1
] Accordingly, the surfaces of the respective substrates W are washed by the washing
10 liquid L, so that contaminants, such as dust and foreign materials, adhering to the
surfaces of the respective substrates W are removed.
[0035]
Meanwhile, the following was found by the inventor’s analysis. That is, when
ultrasonic vibration is applied to the washing liquid L from the bottom of the washing
15 tank 2, the surface of the washing liquid L in the washing tank 2 is raised, so that the
washing liquid L flowing in the washing tank 2 forms turbulent flows and the washing
performance for the substrate W deteriorates.
[0036]
Specifically, according to the inventor’s analysis, washing liquid L is made to
20 flow in a laminar flow state in the washing tank 2 whilst ultrasonic vibration is not
applied. Then, when ultrasonic vibration is applied, the flows of the washing liquid L
raise the surface of the washing liquid L in the washing tank 2 as shown in the directions
of arrows shown in FIG. 3 by the application of ultrasonic vibration from the bottom of

the washing tank 2 and the raised washing liquid L is dispersed in all directions.

25  However, since laminar flows are applied to the flows of the washing liquid L,



In Example 1, a test as performed to change the flows of washing liquid L in a washing tank 2 to
laminar flows by actually regulating the flow rate of the washing liquid L flowing through feed ports 3
and discharge ports 5 by flow rate regulating valves 4 and 256 when complicated flows (turbulent
flows) were generated in the washing tank 2 as 19 shown in FIG 3 by the application of ultrasonic
vibration from the bottom of the washing tank 2. 10055 Specifically the washing tank 2, which was
made of SUS304 and had a length 5 of 40 cm, a width of 40 cm, and a depth of 35 cm, was used.
Whilst facing each other, the feed ports 3 and the discharge ports 5, each of which had a diameter of
15 min, were formetbitasidelovad|§2buderd 2ovof) tive geashing itatilc & asbspeeiively Meseach of which
were formed of three ports disposed in line at an interval of 55 mm in the height direction and lines
each of which wadorhetiofwies Jores ispesed in thaevathareif@rdalle? Bashing lowdthdpwight
direction were alternately disposed at an interval of 145 mm in a width direction sg as to fonn nine
lines, that is, 23 FoRe 123UBS s A s disiribere didscebtimiesifz apd BRI CyHEE BT AR flow rate
regulating valves 4 and 6, respectively. Furthermore, an ultrasonic illator 7, which had a frequency
& i 0

of 950 kHz and ﬁhogﬁltbrhf 600 WP IVAS RTEISEEERCE ATHE GUIRIHA Y HHE BRHEH SHhS Weshing tank 2.
A 0.5 15mic§on filtﬁjruyg%sﬂ%sed as a filter 9 at the first stage and washing liquid L flowing in the washing

1 oL
tank 2 was cycllclé y reusegl.SFurthermore, pure water was used as the washing liquid L and the

temperature of the pure g%r]was set to 233C. [0056] Moreover, the washing liquid L was made to
flow in the lateral direction in a 20laminar flow state in the washing tank 2 Furthermore whilst ultrasonic

vibration was applied to {ig.waghéngrtinvic LG weRestive fivwdatlanegulatingivgivesit and 6 were
regulated so that the washing liquid L flowed from each of the feed ports 3 and the discharge ports 5 at

a rate of 40 liters/geénuiier[QRREInROvibratibtekaghie:vashing digeid thywvasshpleatsk Btatdiiane the
downstream side wall 2d of the washing tank 2 due to overflow and discarded at a rate of 5
liters/minute. Meamihijetatire? speed 6bthehwasbringiliguidin Hlowitigrihihé WasHingptank /B¢this timc
10 the upper flows of the washing liquid L flowing in the washing tank 2 are shown by a
broken line, the intermediate flows of the washing liquid are shown by a dashed-dotted
line, and the lower flows of the washing liquid are shown by a two-dot chain line, when
the washing tank 2 is seen from the upper side.
[0038]
15 In the invention, as shown in FIGS. 1 and 2, whilst the above-mentioned flow
rate regulating valves 4 and 6 are controlled, the flow rate of the washing liquid L
flowing through one of'the feed ports 3 and/or the discharge ports 5 is regulated and the
flow of the washing liquid L in the washing tank 2.is regulated so that the flow of the
washing liquid L becomes a uniform flow (laminar flow) without disturbance to the flow
20 of the washing liquid L.
[0039]
Accordingly, it is possible to make the washing liquid L in the washing tank 2
flow in a laminar flow state from a turbulent flow state. In particular, since the flow

rate of the washing liquid L discharged from the discharge ports 5 in addition to the flow

25  rate of the washing liquid L supplied from the feed ports 3 are controlled by the flow rate



was about 14 mmisec. In accordance with this, the respective flow rate regulating 5 valves 4 and 6
were regulated so that the flow rate of the washing liquid L discharged from the upper discharge ports
5 was set to 20 liters/minute and washing liquid L was newly supplied from the upper feed ports 3 at a
rate of 5 liters/minute. [0058] Accordingly, it was possible to prevent the back flow that was caused by
the 10 raised surface of the washing liquid L in the abave-mentioned washing tank 2. That is, it as
continued that it was possible to effectively ease turbulent flows, which were generated at the upper
portion of the washing tank 2, by regulating the supply of washing liquid L from the feed ports 3 formed
at the upper portiegubtithevalashingdam ko Zhanavtheidisthargesifithe fvashingdiguidysfirotinethe discharge
ports 5. 15[0059] [Example 2] In Example 2, substrates W were actually washed by the
flow-through washisijrepipakaiusth shownomtelBSlivand rgpesificalysthdaiaptingitdnkiZarwhich was
made of SLIS304 and had a length 700f 40 cm, a width of 40 cm, and a depth of 35 cm, was used.
Whilst facing eadlPBthgrmhsingetisphaiduntrasendischaiys porhs SiseatH o Wandbissda Wibtneter of
15 mm, were foilied at the side walls 2b,and 2d of the washing tank 7 ir seven lines at an interval of 5
cm in the width di&66n and in six lines at an interval of 5 cm in the height direction, respectively, that
is, 42 ports (5:-7x6) in tot (\%g)e disposed in the form of a lattice and 25connected to the flow rate
regulating valves 4 and 6, respectively. Furthermore, an 21 ultrasonic oscillator 7, which had a

i f 950 kHz. tput of dj L | t t
requency of 950 4z andan ayiout o] 00 s dspesesan e Uil nm patomaitre

washing tank 2. A 0.5 micron filter was used as a Ing liqui

in the washing tapki2 WassYaleRIYEURER BI0RGQRY ﬁth@{mwﬁéhgms&&?g%ﬁﬂm@qSubstrates

each having an outer diameter of 50 mm and a thickness of 3 mm), to which powder having a diameter
of Ito 50 micron was.sdugkyandswhighovere-used Jarthe gvaluatignefwashing pesigrmanesinwere

prepared as objects W to be washed. These substrates were held on the holder 50 whilst 10being
arranged at an inteskialgohd10 1§ v thinks {395 iestfalecessinigladlia B to be discharged from
10 the washing tank 2, so that it is possible to make the washing liquid L, which flows in the
washing tank 2, more stably flow in a laminar flow state.
[0041]
Meanwhile, in the case of the flow-through Washiﬁg apparatus 1, the amount of
the washing liquid L is slightly reduced due to evaporation or the like of the washing
15 liquid L from the opening portion 2f of the washing tank 2.  For this reason, it is
preferable that washing liquid L corresponding to the reduced amount be appropriately
replenished. Moreover, in the flow-through washing apparatus 1, a lid may be provided
at the opening portion 2f of the washing tank 2 in order to prevent bubbles from being
mixed to the washing liquid L due to the contact between the washing liquid L and air.
20 [0042]
Furthermore, in the invention, it is preferable that the interval between the
plurality of substrates W held on the holder 50 be reduced to the range where the
resistance of the washing liquid L flowing between the substrates is increased when the

plurality of substrates W, which are held in line on the above-mentioned holder 50 so as

25  to be parallel to each other, are washed.



direction perpendicular to main surfaces so that 39 test pieces were arranged per line. Then, the
holder 50 was disposed on the bottom of the washing tank 2 so that the main surfaces of the
substrates W were parallel to the flow direction of the washing liquid L. Furthermore, whilst the
washing liquid L was made to flow in the lateral direction in a 15laminar flow state and ultrasonic
vibration as applied to the washing liquid L in a state vvlt%ere the holder 50 was immersed in the
washing liquid L in the washing tank 2, the substrates were washed for 10 minutes. Furthermore, pure
water was used as the washing liquid L and the temperature of the pure water was set to 233C. [0061]
20Furthermore, the flow jate39f the washing liquid L flowing through each of the feed ports 3 and the
discharge ports 5 was regulated whilst the openings of the flow rate regulating valves 4 and 6
connected to the feed pdrts SxamglthevtisghaegeapoitsiSed esehregatated spithatahbsaberage fspeed of
the flow of the washing liquid L (the speed of the flow of thewashing liquid in the state here Meilmjec to
be vtsh(lic were #sngad RacapdcaRrasbrecnidinton Wasnappliedetowlfgimeheswashing tank 2 in a
laminar flow state was 3 m/min. [0062] Specifically, in Example 2, the openings of the flow rate
regulating valved¥iRisy, Whichhare cohsbedir rbrgafse d pbrsosismeed Brsengryashies 5,

respectively, were regulated as.shown in Table 1. Meanwhile, Table 1 shows the openings (,70) of the
SponGHE 1525 FONE ALY HETTRSERS SIHY e RGBS S inged in the

valves correspondifi
width direction apg thi@eeti%ht dﬁ%%%og when.the %gtstream andlgownstr anghsailgﬁgwalls 2b and 2d are

. Interva cen CS, 0T INE SU S 1S equal 1001 S T min. .
seen from the inside of the was ing ank 2 (Tabie Tfffo be HesCribed hefow 1s the Same as described

above). [0063] [Table 1] ﬁggﬂing (%) of valve corresponding to feed port 8580 80 70 80

Meanwhile, in the flow-through washing method in the related art, it was
~ general that objects to be washed, which are to be disposed in the washing tank 2, are
10 sparsely disposed at intervals and spaces are formed around the objects disposed in the
washing tank for the purpose of the stabilization of the laminar flows of the washing
liquid flowing in the washing tank 2. The reason for this is to stabilize the laminar
flows of the washing liquid L flowing in the washing tank by reducing the distribution of
resistance of flowing washing liquid that depends on the presence or absence of the
15  objects to be washed in the washing tank.
[0045]
In contrast, in the flow-through washing method of the invention, the substrates
W (objects to be washed) are closely disposed in the washing tank 2, so that the
resistance of the washing liquid L flowing in the washing tank 2 is increased and the state
20 ofthe washing liquid is made uniform. Accordingly, it is possible to stabilize the
laminar flows of the washing liquid L flowing in the washing tank 2 and to increase the
washing performance of the washing tank 2.
[0046]
Furthermore, in the invention, it is preferable that the shortest distance between

25  the substrate W and the inner surface of the washing tank 2 be set to one time or less of
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the diameter of the substrate W.  In particular, in the invention, when the substrates W
for disk-shaped magnetic recording media are to be washed as objects to be washed, it is
péssible to accurately and efficiently wash the substrates W by disposing the substrates
W in the washing tank 2 so that the main surfaces of the substrates W are parallel t%)‘ the
flow direction of the washing liquid L, setting the shortest distance between each of the
substrates W and the inner surface of the washing tank 2 to one time or less of the
diameter of the substrate W.

[0047]

In this way, it is possible to perform advanced substrate washing that efficiently

‘removes dust and the like adhering to the surface of the substrate and prevents the dust

and the like from adhering to the surface of the substrate again after washing.

[0048]

Although the invention is not necessarily limited to the above-mentioned
embodiment, various modifications may be made without departing from the scope of the
invention.

[0049]

For example, the holder 50 has been adapted to support the outer peripheral
portion of each substrate W at two points by the pair of support plates 51a and 51b, but is
not limited thereto. The positions and the number of points where each substrate W is
supported may be appropriately changed in the embodiments. For example, the outer
peripheral portion of each substrate W may be supported at three or four points.

[0050]

Further, members which support the outer peripheral portion of each substrate
W are also not limited to the above-mentioned support plates 51a and 51b.  As long as

the members for supporting each substrate do not disturb the flow of the washing liquid L
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flowing in the washing tank 2, the shape and the like of the member may be appropriately
changed in embodiments.

[0051]

Furthermore, the invention may be applied to the washing of a magnetic
recording medium, for example, on which a magnetic film or the like has been formed or
a lubricant is not yet applied, other than a process for removing dust, foreign materials,
and the like adhering to the surface of the above-mentioned substrate W for a magnetic
recording medium after a surface treatment process and the like.

[0052]

In addition, the invention may be preferably used when a flat object to be
washed is washed as well as when the above-mentioned substrate W for a magnetic
recording medium is washed. However, as long as an object to be washed can be
washed by the flow-through washing apparatus 1, the object to be washed is not
particularly limited.

[Examples]

[0053]

Hereinafter, the effect of the invention will be made clear by Examples.
Meanwhile, the invention is not limited to the following Examples, and may be modified
in embodiments without departing from the scope of the invention.

[0054]

[Example 1]

In Example 1, a test was performed to change the flows of washing liquid Lin a
washing tank 2 to laminar flows by actually regulating the flow rate of the washing liquid
L flowing through feed ports 3 and discharge ports 5 by flow rate regulating valves 4 and

6 when complicated flows (turbulent flows) were generated in the washing tank 2 as
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shown in FIG. 3 by the application of ultrasonic vibration from the bottom of the washing
tank 2.

[0055]

Specifically, the washing tank 2, which was made of SUS304 and had a length
of 40 cm, a width 0of 40 cm, and a depth of 35 cm, was used. Whilst facing each other,
the feed ports 3 and the discharge ports 5, each of which had a diameter of 15 mm, were
formed at side walls 2b and 2d of the washing tank 2, respectively. Lines each of which
were formed of three ports disposed in line at an interval of 55 mm in the height direction
and lines each of which was formed of two ports disposed in line at an interval of 60 mm
in the height direction were alternately disposed at an interval of 145 mm in a width
direction so as to form nine lines, that is, 23 ports (=3x5+2x4) in total were disposed in
zigzags and connected to the flow rate regulating valves 4 and 6, respectively.
Furthermore, an ultrasonic oscillator 7, which had a frequency of 950 kHz and an output
of 600 W, was disposed on the outside of the bottom of the washing tank 2. A 0.5
micron filter was used as a filter 9 at the first stage and washing liquid L flowing in the
washing tank 2 was cyclically reused. Furthermore, pure water was used as the washing
liquid L and the temperature of the pure water was set to 23£3°C.

- [0056]

Moreover, the washing liquid L was made to flow in the lateral direction in a
laminar flow state in the washing tank 2. Furthermore, whilst ultrasonic vibration was
applied to the washing liquid L, the respective flow rate regulating valves 4 and 6 were
regulated so that the washing liquid L flowed from each of the feed ports 3 and the
discharge ports 5 at a rate of 40 liters/minute.

[0057]



50 50 [0064] (Comparative Example 1) 23 In Comparative Example I, substrates W were actually
washed by the flow-through washing apparatus 1 shown in FIGS. 1 and 2 like in like Example 2 As
shown in Table 2, test pieces W were washed in the same manner as Example 2 except that die
openings of the valves corresponding to the feed ports 3 and the discharge ports 5 5were not
regulated. [0065] [Table 2] Opening (%) of valve corre§80nding to feed port 50 50j50 5050 5050 50 50
50 5050 50 50

Here, the washing liquid L was not circulated from the downstream side wall 2d
of the washing tank 2 due to overflow and discarded at a rate of 5 liters/minute.
Meanwhile, the speed of the washing liquid L flowing in the washing tank 2 at this time
was about 14 mm/sec. In accordance with this, the respective flow rate regulating

5 wvalves 4 and 6 were regulated so that the flow rate of the washing liquid L discharged
from the upper discharge ports 5 was set to 20 liters/minute and washing liquid L was
newly supplied from the upper feed ports 3 at a rate of 5 liters/minute.

[0058]

Accordingly, it was possible to prevent the back flow that was caused by the

10 raised surface of the washing liquid L in the above-mentioned washing tank 2. That is,
it was confirmed that it was possible to effectively ease turbulent flows, which were
generated at the upper portion of the washing tank 2, by regulating the supply of washing
liquid L from the feed ports 3 formed at the upper portion of the washing tank 2 and the
discharge of the washing liquid L from the discharge ports 5.

15 [0059]

[Example 2]

In Example 2, substrates W were actually washed by the flow-through washing
apparatus 1 shown in FIGS. 1 and 2.

Specifically, the washing tank 2, which was made of SUS304 and had a length

20 of 40 cm, a width of 40 cm, and a depth of 35 cm, was used. Whilst facing each other,
the feed ports 3 and the discharge ports 5, each of which had a diameter of 15 mm, were
formed at the side walls 2b and 2d of the washing tank 2 in seven lines at an interval of 5
cm in the width direction and in six lines at an interval of 5 cm in the height direction,
respectively, that is, 42 ports (=7x6) in total were disposed in the form of a lattice and

25 comnected to the flow rate regulating valves 4 and 6, respectively. Furthermore, an
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ultrasonic oscillator 7, which had a frequency of 950 kHz and an output of 600 W, was
disposed on the outside of the bottom of the washing tank 2. A 0.5 micron filter was
used as a filter 9 at the first stage and washing liquid L flowing in the washing tank 2 was
cyclically reused.

[0060]

Furthermore, test pieces (disk-shaped substrates each having an outer diameter
of 50 mm and a thickness of 3 mm), to which powder having a diameter of 1 to 50
micron was stuck and which were used for the evaluation of washing performance, were
prepared as objects W to be washed. These substrates were held on the holder 50 whilst
being arranged at an interval of 10 mm in five lines (395 test pieces in total) in a
direction perpendicular to main surfaces so that 39 test pieces were arranged per line.
Then, the holder 50 was disposed on the bottom of the washing tank 2 so that the main
surfaces of the substrates W were parallel to the flow direction of the washing liquid L.
Furthermore, whilst the washing liquid L was made to flow in the lateral direction in a
laminar flow state and ultrasonic vibration was applied to the washing liquid L in a state
where the holder 50 was immersed in the washing liquid L in the washing tank 2, the
substrates were washed for 10 minutes. Furthermore, pure water was used as the
washing liquid L and the temperature of the pure water was set to 23+3°C.

[0061]

Furthermore, the flow rate of the washing liquid L flowing through each of the
feed ports 3 and the discharge ports 5 was regulated whilst the openings of the flow rate
regulating valves 4 and 6 connected to the feed ports 3 and the discharge ports 5 were

regulated so that the average speed of the flow of the washing liquid L (the speed of the

flow of the washing liquid in the state where the objects to be washed were immersed
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and ultrasonic vibration was applied) flowing in the washing tank 2 in a laminar flow
state was 3 m/min.

[0062]

Specifically, in Example 2, the openings of the flow rate regulating valves 4 and

5 6, which were connected to the feed ports 3 and the discharge ports 5, respectively, were
regulated as shown in Table 1. Meanwhile, Table 1 shows the openings (%) of the
valves corresponding to 42 ports, that is, the feed ports 3 and the discharge ports 5
arranged in the width direction and the height direction when the upstream and
downstream side walls 2b and 2d are seen from the inside of the washing tank 2 (Table 2
10 to be described below is the same as described above).

[0063]

[Table 1]

Opening (%) of valve corresponding to feed port

85 80 80 70 80 80 85
80 70 65 60 65 70 80
70 60 50 50 50 60 70
60 55 50 50 50 55 60
60 50 50 50 50 55 60
60 55 55 55 55 55 60

15 Opening (%) of valve corresponding to discharge port

90 85 85 75 85 85 90

85 80 75 70 75 80 85

70 60 50 50 50 60 70

50 50 | 50 50 50 50 50

50 50 50 50 50 50 50

50 50 50 50 50 50 50
[0064]

(Comparative Example 1)
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In Comparative Example 1, substrates W were actually washed by the
flow-through washing apparatus 1 shown in FIGS. 1 and 2 like in like Example 2.  As
shown in Table 2, test pieces W weré washed in the same manner as Example 2 except
that the openings of the valves corresponding to the feed ports 3 and the discharge ports 5

5  were not regulated.

[0065j

[Table 2]

Opening (%) of valve corresponding to feed port

50 50 50 50 50 50 50
50 50 50 50 50 50 50
50 50 50 50 50 50 50
50 50 50 50 50 50 50
50 50 50 50 50 50 50
50 50 50 50 50 50 50

10 Opening (%) of valve corresponding to discharge port

50 50 50 50 50 50 50

50 50 50 50 50 50 50

50 50 50 50 50 50 50

50 50 50 50 50 50 50

50 50 50 50 50 50 50

50 50 50 50 50 50 50
[0066]

Furthermore, the ratio of powder remaining on the test piece W after washing
was evaluated about Example 2 and Comparative Example 1.  As aresult, the average
15  powder removal rate was about 96.5% in Comparative Example 1. Meanwhile, the
average powder removal rate was about 99.7% in Example 2, and it was found that the
Washing performance in Example 2 was superior to the washing performance in

Comparative Example 1.



Furthermore, the ratio of powder remaining on the test piece W after washing was evaluated about
Example 2 and Comparative Example I. As a result, the average 15powder removal rate was about
96.5% in Comparative Example 1. Meanwhile, the averagd powder removal rate was about 99.7% in
Example 2, and it was found that the washing performance in Example 2 was superior to the washing
performance in Comparative Example 1. 24 Reference Signs List [0067] 1: FLOW-THROUGH
WASHING APPARATUS 2: WASHING TANK 53: FEED PORT 4: FLOW RATE REGULATING
VALVE (FLOW RATE REGLTLATING DEVICE) 5. DISCHARGE PORT 6: FLOW RATE
REGULATING ViAdiMEn (e lsipvé RATE REGULATING 10 DEVICE) 7: ULTRASONIC
OSCILLATOR (VIBRATION GENERATING DEVICE) 8: PUMP 9: FILTER MCSLL P 25
CLAIMS 1. A flow-throug@¢&$hing method comprising steps of: making washing liquid flow in a lateral
direction in a washing tank, and

1:  FLOW-THROUGH WASHING APPARATUS
2: WASHING TANK
5 3: FEED PORT
4: FLOW RATE REGULATING VALVE (FLOW RATE REGULATING
DEVICE)
5. DISCHARGE PORT
6: FLOW RATE REGULATING VALVE (FLOW RATE REGULATING
10 DEVICE)
7. ULTRASONIC OSCILLATOR (VIBRATION GENERATING DEVICE)
8: PUMP

9: FILTER



5washing objects to be washed whilst applying ultrasonic vibration to the washing liquid in a state
‘where the objects to be washed are immersed in the washing liquid, wherein the washing liquid in the
washing tank flows in a laminar flow state by regulating individually each ofithe flow rate of the
washing liquid flowing through a plurality of feed gsorts through which the washing liquid is supplied to
the washing tank and a plurality 100of discharge ports through which the washing liquid is discharged
from the Wﬁ%ﬁﬁéank. 2. The flow-through washing method according to claim 1, wherein ultrasonic
vibration is applied from the bottom of the washing tank. 153.The flow-through washing method
according to claim 1,  wherein when substrates, which are held on a holder as the objects to be
washed, are 'washed, the holder is disposed in the immersion tank so that main surfaces of the
substrates are pakdlieltbrthelflowsiding otid ot digrivaghingsliquid. 204.The flow-through washing
method according to claim 3,  wherein a plurality of substrates, which are held in line on the holder
s0 as to be paralBt i eNer o bavidWasRdHcahd e At APt &k 8¢ plurality of substrates held
on the holder is reduced to a range where resistance of the washing liquid flowing between the
substra%]es is incr‘évglstsflé% Okz‘l%‘f@ It_cilgez%a}é?ﬁ‘é i 6%#“350 iing rgﬂ?ﬁé%l%%&vﬁ%?ﬁ% to claim 3,

washing me
wherein the;shettestidistancehetyess dhe Substiate ARdARINNGI.SHIRGE Rffhe washing tank is set to
one time or less of a diameter of the substrate. 56.The flow-through washing method according to
claim 1, wheveigiesubstradas ot gnagnelicyasardingmedians magnetisseearding media are
washed as the substrates. 7. The flow-through washing method according to claim 1, 10wherein the
washing liqudlssiey elibaifpadyisedh & U flowttr ofigie wessimadiapdieating tornphisipigrality

st a
ows=

of feed ports through which the washing liquid is supplied to the washing tank and a plurality

10 of discharge ports through which the washing liquid is discharged from the washing tank.

2. The flow-through washing method according to claim 1,

wherein ultrasonic vibration is applied from the bottom of the washing tank.

15 3. The flow-through washing method according to claim 1,
wherein when substrates, which are held on a holder as the objects to be washed, are
‘washed, the holder is disposed in the immersion tank so that main surfaces of the substrates

are parallel to the flow direction of the washing liquid.

20 4. The flow-through washing method according to claim 3,
wherein a plurality of substrates, which are held in line on the holder so as to be
parallel to each other, are washed, and the interval between the plurality of substrates held on
the holder is reduced to a range where resistance of the washing liquid flowing between the
substrates is increased.

25



a washing tank where objects to be washed are washed, a plurality of feed ports through which
washing liquid is supplied to the washing tank, 15a plurality of discharge pom\qtlrEth which the
washing liquid is discharged from the washing tank, and a vibration generating device for applying
ultrasonic vibration to the washing liquid in the washing tank, wherein the flow-through washing
apparatus makes the washing liquid flow in the 20 |&feral direction in the washing tank and washes
objects to be washed whilst applying ultrasonic vibration to the washing liquid in a state where the

objects'to be washegl.aig inmersedtine washing digdids and ihe flow-through washing apparatus
further comprises: MCSLLP 27 a flow rate regulating device for ndividually regulating each of the

flow rate of the waghingihiauidiiowingithiough@rynha pluality slfeethpartadnd amhdrality of
discharge ports. 59.The flow-through washing apparatus according to claim 8, wherein the vibration
generating dexdodsdhispose ondhiembottdsys of théaneshingthankbdthithe flow-through washing
apparatus according to claim 8, further comprising: 10a device that circulates the washing liquid. 11
.The flow-through washing method according to claim 1, wherein the flow rate of the washing liquid
flowing through the plurality of feed ports and the plurality of discharge ports is regulated such that
each ofthe flow ratésTgradiratglradseivg PR idBE to tHéténter 15in the horizontal direction, as

well as from the upper portion to th? lower portion in a vertijcal direction. ) _
wherein substrates for magnetic recording media or magnetic recording media are

washed as the substrates.

7. The flow-through washing method according to claim 1,
10 wherein the washing liquid is cyclically reused.
8. A flow-through washing apparatus comprising:

a washing tank where objects to be washed are washed,
a plurality of feed ports through which washing liquid is supplied to the washing tank,
15 a plurality of discharge ports through which the washing liquid is discharged from the
washing tank, and
a vibration generating device for applying ultrasonic vibration to the washing liquid in
the washing tank,
wherein the flow-through washing apparatus makes the washing liquid flow in the
20  lateral direction in the washing tank and washes objects to be washed whilst applying
ultrasonic vibration to the washing liquid in a state where the objects'to be washed are
immersed in the washing liquid, and

the flow-through washing apparatus further comprises:



10

15

MCSLLP

27

a flow rate regulating device for individually regulating each of the flow rate of the
washing liquid flowing through any of a plurality of feed ports and a plurality of discharge

ports.

9. The flow-through washing apparatus according to claim 8,
wherein the vibration generating device is disposed on the bottom of the washing

tank.

10.  The flow-through washing apparatus according to claim 8, further comprising:

a device that circulates the washing liquid.

11.  The flow-through washing method according to claim 1, wherein the flow rate of the
washing liquid flowing through the plurality of feed ports and the plurality of discharge ports
is regulated such that each of the flow rate is gradually reduced from both sides to the center
in the horizontal direction, as well as from the upper portion to the lower portion in a vertical

direction.



